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論 文 内 容 の 要 旨 
 
Chapter 1 Introduction 
 Image matching between a blurred image (caused by camera motion and out of focus, etc.) and a 
non-blurred image is a critical task for many image/video applications. In the recent decades, local 
feature based image matching methods have already shown their much higher performance than that 
of global feature based matching methods. A local feature based image matching method usually 
includes an interest point detector and a local feature descriptor. Even though plenty of interest point 
detectors and local feature descriptors have been proposed until now, lacking of robustness to blur is 
still one of the biggest problems of all the existing detectors and descriptors. That is the reason why all 
the existing local feature based image matching methods fail to match blurred images. Hence, I 
address the problem that no existing local features can be used for blurred image matching and present 
a blur-invariant local feature based image matching method including a blur-invariant interest point 
detector and a blur-invariant local feature descriptor in this dissertation,. Then, in order to apply the 
proposed blur-invariant image matching method in much more image matching cases, I extend the 
rotation-invariance, scale-invariance and illumination-invariance of the proposed local feature based 
image matching method. In this way, the finally proposed image matching method is invariant to 
(Gaussian and motion) blur, rotation, scale & illumination changes thus can be used under more 
conditions of image changes and can be applied for more applications. 
 
Chapter 2 Related Works 
 In this chapter, I first review the important and famous related works of interest point detectors and 
local feature descriptors respectively. They are all come from the wildly applied local feature based 
image matching methods and some of these methods are also considered as the state of the art methods 
in computer vision. Then, I recall the classical image moments and moment invariants such as Hu 
moment invariants, blur-invariant moments that are considered as basic techniques of my research. 
Finally, I introduce some new techniques based on “Deep Learning”. They are very popular in these 
days and usually show better performances than those image matching methods in image matching 
and recognition. 
 As conclusions, there is no blur-invariant interest point detector or local feature descriptor, which 
means that novel blur-invariant interest point detector and local feature descriptor need to be proposed. 
Second, blur-invariant moments are global feature descriptors and it is difficult to use them as a local 
feature based matching method because they will suffer from boundary error problem and it still need 
a blur-invariant interest point detector. Finally, all the existing “Deep Learning” methods cannot work 
well for blurred images. 
 
Chapter 3 Blur-Invariant Interest Point Detector 
 In this chapter, I present a novel interest point detector which is blur-invariant. First, I define a new 
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symmetry called ”Moment Symmetry (MS)”, because the regions in images extracted by this 
definition (I call these regions ”MS regions” from now on) are very robust to blur unlike the 
traditional interest points. Hence, the center point of a MS region can be considered as a blur-invariant 
interest point. Then, I describe the main steps of the proposed interest point detector to detect these 
“MS regions”. For each local region in a given image, the proposed interest point detector applies 
some blur-invariant moments to check whether the local region is a MS region or not thus to detect the 
blur-invariant interest point (center point of MS region). Unlike the existing interest point detectors, 
the proposed interest point detector can correctly find the blur-invariant interest points from images. 
Finally, I show some experimental results and examples of the proposed detector respectively.  As a 
conclusion, the proposed interest point detector is blur-invariant and always work well for blurred 
image matching. 
 
Chapter 4 Blur-Invariant Local Feature Detector 
 In this chapter, I present a novel local feature descriptor based on blur-invariant moments. First, I 
introduce the basic idea and main contribution of the proposed blur-invariant local feature descriptor. 
Then, I clarify the problem about directly using blur-invariant moments as local features. Shortly 
speaking, when moments are computed from a local region, their values will include huge boundary 
error therefor their blur-invariance will be degraded until totally lost. However, I found that only a few 
low order blur-invariant moments seem to be robust to boundary error. Unfortunately, we cannot 
directly apply these a few low order blur-invariant moments as local features due to their extremely 
low discriminative power. Hence, I propose a novel local feature descriptor which can solve all the 
problems mentioned above. In the proposed local feature descriptor, I first compute 3 low order 
blur-invariant moments of each pixel in a local region and replace the intensity or gradient of the pixel 
with these low order moments. Then I enhance the discriminative power of these low order 
blur-invariant moments by introducing some feature generating methods from the existing descriptors 
(SIFT, SURF, etc.) thus generate a blur-invariant feature vector for the local region. In this way, the 
local features computed by the proposed local feature descriptor can be highly distinctive while 
keeping blur-invariance. Finally, I show some experimental results and examples of the proposed 
descriptor and blurred image matching using the proposed local feature descriptor respectively. As a 
conclusion, the proposed local feature descriptor is blur-invariant and always work well for blurred 
image matching. 
 
Chapter 5 Rotation, Scale & Illumination-Invariance Extension  
Since the proposed local feature descriptor in chapter 4 is only invariant to blur, I introduce a rotation, 
scale and illumination-invariant extension to the proposed descriptor in this chapter. First, I describe 
an orientation assignment approach which is based on blur-invariant moments and can provide an 
orientation for each local region surrounding each interest point. By normalizing the orientation of 
each local region, feature vector generated from the region can be invariant to rotation. Then, I 
describe a modified moments called Gaussian normalized moments. It is not only invariant to blur but 
also invariant to scale and illumination changes at the same time. By applying the proposed Gaussian 
normalized moments, the proposed descriptor in chapter 4 can be invariant to scale and illumination 
changes. In this way, the final proposed local feature based image matching method is invariant to blur, 
rotation, scale & illumination. 
 
Chapter 6 Conclusions and Future Work 
 In this chapter, I first conclude the whole dissertation. More specifically, the blur-invariant interest 
point detector presented in chapter 3 is based on a new concept “Moment Symmetry” and 
some blur-invariant moments. The blur-invariant local feature descriptor presented in chapter 
4 is based on some blur-invariant moments. An orientation assignment approach and a novel 
Gaussian normalized moment were presented in chapter 5. Then, I describe the future works 
related to my research. 
論文審査結果の要旨 
 
 画像マッチングはコンピュータビジョンの基礎をなす技術であり、これまで多くの優れた研究
成果が報告されている。しかしながら、未だに解決できていない問題も少なくない。本論文では、
このような未解決な重要課題のひとつであるブラー（ぼけ）画像を対象としたマッチングを実現
するための手法を提案している。 
 第１章は序論である。 
 第 2 章では、本研究の関連技術を紹介している。まず画像マッチングにおいて現在主流である
局所特徴量手法の代表的手法を紹介するとともに、これらの手法を用いてもブラー画像マッチン
グの実現は困難である理由について言及している。さらに、近年流行している深層学習を用いた
システムを構築してもこの問題の解決が難しいことを論じている。 
 第 3 章では、局所特徴量型ブラー画像マッチングに適したブラー不変特徴点検出手法の提案を
行っている。局所特徴量手法は、特徴点検出、特徴量記述、特徴量マッチングの３工程から構成
されるが、提案手法は、そのうちの特徴点検出に焦点を当てたものである。モーメント対称と呼
ぶ新しい概念に基づき特徴点を検出することにより、ブラー画像、非ブラー画像双方から同一特
徴点を検出することが可能であることを論じ、実証実験を通じてその正当性を示している。 
 第 4 章では、局所特徴量型ブラー画像マッチングに適した特徴量記述手法を提案している。提
案手法は、画像モーメントを用いた手法である。本章では、元来、大域特徴量である画像モーメ
ントを局所領域に用いる際に必然的に発生してしまう境界エラーを低減するための方策について
論じ、さらに、高分解能で画像の特徴を記述するための手法を提案している。この手法を用いる
ことにより、ブラー画像、非ブラー画像双方からほぼ同一の局所特徴量を生成できる。実証実験
の結果、提案手法は既存手法と比較しておおよそ 7 倍の局所特徴量が正しくマッチしたことを報
告している。 
 第 5 章では、ブラー以外の画像変化に対する耐性を高めるための手法を提案している。具体的
には、スケール、回転、照度に不変な特徴量記述の手法を提案している。また、これらの手法は
第 4 章で論じたブラー不変局所特徴量手法に組み込むことが可能であることを実装ならびに実証
実験を通じて明らかにしている。 
 第 6 章は結論である。 
 以上本論文は、従来困難であったブラー画像と非ブラー画像のマッチングを高精度に実現する
手法を提案するものであり、ブラーに加えてスケール変化、回転変化、照度変化を含む場合にも
高精度にマッチングを行うことが可能な手法を実現したものである。以上の成果は、自動走行車
向けなど様々な応用への展開が期待できるものである。このように、情報基礎科学の発展に寄与
するところが少なくない。 
 よって、本論文は、博士（情報科学）の学位論文として合格と認める。 
